Introduction
Irreparable posterosuperior rotator cuff ruptures in the young patient remain a challenging clinical entity. Owing to high revision rates reported in young patients ranging between 18 and 48%, reverse shoulder arthroplasty is considered the last-line treatment [6, 8, 17, 23] . Thus, the general clinical goal is to delay arthroplasty for as long as possible. Many therapeutic options including debridement, long head of biceps tenotomy, partial rotator cuff repair, tendon transfer [7, 14, 16] , and subacromial spacer implantation [12, 28] have been proposed and performed with varying short-and often disappointing long-term results. Superior capsular reconstruction (SCR) was popularized by Mihata et al. [22] in 2012 to overcome superior humeral translational instability after massive rotator cuff tears. Originally, a fascia lata autograft harvested via a minimally invasive lateral approach from the ipsilateral side was used as a graft. Grafts with a thickness of 8 mm were initially used for the procedure [13] . In a biomechanical laboratory setting, it was shown that a significant reduction in superior humeral translation and an increase in subacromial distance could be achieved with reconstruction of the superior glenohumeral joint capsule, while these effects were enhanced by sideto-side suturing between the infraspinatus and the posterior margin of the graft [20, 21] . These promising in vitro results were then confirmed in a clinical study showing relatively quick pain reduction, followed by a significant increase in range of motion [19] .
Owing to the morbidity associated with harvesting of fascia lata autograft, a human dermal allograft patch was introduced to overcome donor-site morbidity. Recent publications showed similar promising short-term results with significant reduction in pain and restoration of function after 1 year [2, 4, 11, 25] .
However, whether this technique may be indicated as a treatment option for patients with pseudoparalysis remains unclear. Thus, the objective of this study was to investigate the functional and radiological short-term outcome after arthroscopic SCRwitha humandermal allograft for partially irreparable rotator cuff tears. Furthermore, differences in outcome between patients with and without limited shoulder function were analyzed.
Patients and methods
All patients with irreparable supraspinatus tendon tear and intact or repairable subscapularis and repairable or partially repairable infraspinatus (ISP) tendon, with reduced daily activity and persistent night pain without improvement after conservative treatment including physiotherapy, who presented at our clinic in 2016 were eligible for arthroscopic SCR. All patients with a magnetic resonance image (MRI)-verified rotator cuff tear with retraction of Grade 3 according to Patte et al. [24] were considered for inclusion in the present study. Patients with an intraoperatively irreparable supraspinatus tendon tear were ultimately included in the study. Exclusion criteria were patients with reparable supraspinatus tendon tears, irreparable infraspinatus tendon and/or subscapularis tendon tears, and cuff tear arthropathy (>Grade 2 Hamada; [10] ). Patients were divided into two groups depending on their preoperative range of motion. Patients with forward flexion over 90°were included into group 1. Patients with a forward flexion of 90°o r below were considered as having pseudoparalysis and were assigned to group 2.
Of 45 initially enrolled patients, a reconstruction of the supraspinatus tear was possible in 24 patients, who were therefore excluded from the study, while 21 underwent arthroscopic SCR with a dermal allograft. The study was ap- 
Surgical technique
All surgical procedures were performed by the same surgeon. The surgical procedure has been described in detail in previous publications [18, 25] . In short, the patient was operated on in the beach chair position starting with a standardized diagnostic arthroscopy. 
Postoperative treatment and rehabilitation
Postoperative treatment was standardized for all patients. After surgery, patients were immobilized in a sling for 6 weeks. Only passive mobilization exercises were allowed. Assistive and active physiotherapy were allowed after 6 weeks with no strengthening exercises or loadbearing for 12 weeks postoperatively.
Radiological, clinical, and subjective assessment
Magnetic resonance imaging of the shoulder was performed before and 11.6 ± 0.6 months (range, 11-13 months) after arthroscopic SCR and images were evaluated by two orthopedic surgeons independently (M. E., P. H.). Evaluation of the MRI was performed in standardized fashion using frontal, parasagittal, and coronal axis slices on a 3-Tesla MRI unit. The Structural integrity of the SCR and repaired rotator cuff tendons was evaluated using Sugaya's MRI classification considering Grades 1, 2, and 3 as intact, and Grades 4 and 5 as re-torn [29] . Tendon retraction was graded according to Patte et al. [24] Clinical and subjective assessment was made at baseline as well as 4.2 ± 1.5 months (range, 3-7) and 11.6 ± 0.6 months (range, 11-13) postoperatively. Shoulder function was assessed using the total Constant score (CS) and its subgroups pain, activity of daily living (ADL), range of motion (ROM), and strength. Subjective evaluation included the American Shoulder and Elbow Surgeons score (ASES, 0-100 points) and the Simple Shoulder Test score (SST, 0-12 points). Additionally, outcome was compared between patients with (abduction and/or flexion of 90°or below, group 1) and without (abduction and/or flexion over 90°, group 2) pseudoparalytic conditions [30] . An MRIverified rupture of the dermal graft was considered as a study endpoint (treatment failure). Complications occurring during the study period were recorded.
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Results
Demographic data and surgical details of all patients treated with arthroscopic Obere Extremität SCR using a human dermal allograft are presented in . Table 1 . Arthroscopic surgery prior to SCR included failed supraspinatus tendon reconstructions, latissimus dorsi transfer, debridement and long head of biceps tenotomy. No significant differences regarding demographic data were detected between patients with and without pseudoparalytic conditions (. Table 1 ). Tendon tears involving the musculus supraspinatus, infraspinatus, or subscapularis were detected and reported if reconstruction was needed. Preoperative radiographic evaluation according to the Hamada classification showed eight patients with Hamada Grade 1 and 13 shoulders with Hamada Grade 2. No significant difference in outcome or complications was detected.
The MRI evaluation revealed intact dermal grafts in 15 patients (71.4%; . Fig. 1 ). An MRI-verified rupture of the implanted graft was detected at 6.2 ± 2.8 months after SCR in six out of 21 cases (28.4% total failure rate; location of the rupture in three cases at the humeral side and three at the glenoidal side, . Fig. 2) . Revision surgery was performed on five patients (23.8%) after a mean of 8.4 ± 4.6 months. Reverse total shoulder arthroplasty was performed in four cases: due to isolated graft failure with progressive cuff tear arthropathy in two cases, and graft failure with additional subscapularis rupture in the other two cases. In one case a low-grade infection (Cutibacterium acnes) resulting in graft failure led to subsequent revision surgeries (debridement and removal of all foreign materials followed by a planned reverse total shoulder arthroplasty). One additional patient with an isolated graft failure is scheduled to undergo reverse total shoulder arthroplasty.
Clinical and subjective evaluations of patients with intact grafts showed significant improvements from baseline to both postoperative time points regarding the CS including its subgroups pain, ADL, ROM and strength, ASES, SST, and the absolute ROMs in forward flexion and abduction (. Table 2 ). Comparisons between the first and second follow-up showed either constant or further improved outcome scores at the 12-month timepoint (. Table 2 ).
Preoperative pseudoparalysis was present in 12 out of 21 cases (57.1%). The majority of patients with SCR failure (four out of six patients, 66.7%) presented with a preoperative pseudoparalysis including three patients with a forward flexion and/or abduction of less than 60°. The 3-6-month and 12-month followup revealed reversal of pseudoparalysis in 80 and 100% of patients (revisions not included), respectively (. Table 3 ).
Patients with pseudoparalysis compared with those without pseudoparalytic conditions showed significant baseline differences regarding total Constant scores and ASES (. Table 4 ). The SST was significantly better in the group without than in the group with pseudoparalysis at the 3-6-month follow-up (. Table 4 ). Regarding ROM, only the Constant score was significantly better at baseline and at the 3-6-month follow-up in the group without than in the group with shoulder function of 90°or below, as shown in . Fig. 3 . From the subgroup analysis, both groups overall showed significant improvement in forward flexion and abduction; for group 1 (forward flexion over 90°), the forward flexion was from 147 to 161°. For group 2, forward flexion of 90°or below showed improvement for group 2a (forward flexion between 60 and 90°) from 74 to 155°and for group 2b (forward flexion below 60°) from 38 to 168°. 
Discussion
The most important finding of the present study was that SCR with an acellular human dermal allograft could be confirmed to be a valid short-term option to restore shoulder function in patients with irreparable supraspinatus tendon tears with or without repairable subscapularis or infraspinatus and limitation in shoulder function. However, there was a relatively high revision rate in the short term that has to be considered when performing SCR. After 3-6 months, 80% of patients with pseudoparalysis regained a significant part of their shoulder function. This rate further increased to 100% at the 12-month mark. Burkhart et al. [1] were able to show similar results for SCR in patients with pseudoparalysis and irreparable rotator cuff tear with reproducible reversal of pseudoparalysis in 90% of the cases compared with a significantly lower rate of 44% following partial repairs. Mihata et al. [18] showed significant improvement in range of motion from 54.3 to 146.8°for patients with moderate (<90°f orward flexion) and from 36.7 to 150.0°f or patients with severe pseudoparalysis (<45°forward flexion). This is comparable to our results using a dermal allograft, which provided improvement of forward flexion from 74 to 155°in moderate and from 38 to 168°in severe pseudoparalysis, respectively. In our non-pseudoparalysis group (>90°forward flexion) forward flexion improved from 147 to 161°, which is similar to results of a recent study reporting 1-year improvements for forward flexion from 120 to 160° [25] . Despite range of motion and function often being the focus of attention, pain relief remains an important factor for improving a patient's quality of life and performance of common daily activities. The present study found a significant, swift pain reduction in the first 3-6 months after surgery, which is in line with recent publications showing similar pain reduction from the pre-to postoperative period [1, 4, 5, 25] . Furthermore, it has to be confirmed in long-term studies whether SCR prevents or, at a minimum, leads to clinically significant delays in the progression of cuff tear arthropathy. The use of an Inspace balloon remains controversial; recent studies showed an initial significant improvement but higher complication rates after 1 year of followup [12, 28] . Clinical studies with longer follow-up and improved implant systems are needed.
Similar to our study, four recent publications about SCR with human dermal allografts reported failure rates between 40 and 60% with mainly humeral side ruptures [4, 11, 15, 25] , while recent data on SCR with fascia lata autografts described failure rates between 5 and 10% [3, 18] . Although the literature on SCR with fascia lata is limited, the healing rate of autografts seems to be far better. The same is known for anterior cruciate ligament reconstruction where the use of allografts is known to be safe, but can be associated with a significantly higher failure and reoperation rate and postoperative stability [2, 9, 31] . Allograft incorporation to host tissue, which can be up to 1 year, takes much longer compared with autografts [5] . However, when using autografts, donor site morbidity, especially when taking a long fascia lata graft, needs to be considered. In fact, Azevedo et al. [3] reported that at the 2-year follow-up, 57% of patients were still bothered by their harvested thigh and 76% noticed donor site changes. However, Plachel et al. [26, 27] in their case report showed that there is ingrowth of vessels and expression of growth factors in the acellular human dermal allograft patch after 6 months, which led them to the conclusion that healing of the graft to the native tissue may be facilitated. However, in their histologic samples they only analyzed soft tissue and not the patch-bone interface, which is crucial for the construct to survive.
Another detail complicating comparisons between autograft and allograft SCR is that to date most studies using allografts started with a preoperatively better shoulder function than the studies using autografts [6, 27] . Further definitions of the criteria for the indication for SCR still need to be developed to help decide who will benefit the most from the procedure. Moreover, irreparability of rotator cuff tears is very much surgeon dependent. In our 45 patients who had been initially scheduled for SCR based on history, examination, and preoperative MRI, more than half turned out to have repairable rotator cuff tears with extensive release techniques.
As shown in a current publication, cuff tear arthropathy at time of surgery remains a limiting factor for expected outcomes. Denard et al. reported differences in success rates of 75% for Hamada Grades 1-2 and 44% for Hamada Grades 3-4. However, our finding together with those from recent publications present promising short-to mid-term results after SCR in patients with irreparable posterosuperior rotator cuff tear under appearance of severe loss in range of motion. Long-term results on consistent regain of function and reports of prolonging the appearance of osteoarthritis are needed to prove the sustained longevity of this surgical treatment option. The term "pseudoparalysis" as a clinically described condition of limited shoulder function remains not clearly defined. Tokish et al. performed a systematic review and found a wide use of the term "pseudoparalysis" describing clinical shoulder function, reaching from "below 90 degrees in forward flexion" to massive limitation of shoulder function with cranialization of the humeral head with ventral subluxation [1, 30] . First of all, a clinical definition of severe shoulder dysfunction as suggested by the term "pseudoparalysis" should be given and pain as a causing factor needs to be excluded. Secondly, the biomechanical principle needs to be clarified regarding whether the superior capsule is the main restraint against anterosuperior glenohumeral escape or whether rotator cuff failure is responsible. We recommend a more precise use and a clearer definition of this clinical presentation and its pathology.
In summary, we confirmed that SCR for irreparable rotator cuff tears shows promising results especially if the graft healed successfully; however, it should remain a treatment option reserved for the specialist shoulder surgeon to optimize outcomes and minimize failures. Moderate-to-severe pseudoparalysis does not seem to represent a contraindication for SCR according to this and other recently published studies (. Table 5 ; [1, 3, 4, 15, 18, 19, 25] ). For patients with irreparable rotator cuff tear with no or mild arthritis, SCR seems to have the potential to become a valuable tool in the armamentarium of shoulder surgeons; however, long-term results are required to judge the true benefits of the procedure.
Limitations
The primary limitations of this study are the short follow-up period and the low number of enrolled patients. Furthermore, comparisons between other jointpreserving techniques such as debridement, partial rotator cuff repair, or tendon transfers and superior capsular reconstruction should be performed in the future.
Practical conclusion
4 Superior capsular reconstruction (SCR) is a promising option for the treatment of irreparable rotator cuff tears in patients with no or mild osteoarthritis. 4 The technique reproducibly provided early reduction of pain and restoration of shoulder function in patients with and without pseudoparalysis. 4 However, the short-term revision rate was relatively high, which has to be considered when performing SCR.
